INTRODUCTION
Detailed geologic investigations in the Kentucky part of the Dekoven Ti/a-minute quadrangle and the Bordley and Sturgis T 1/^-minute quadrangles and reconnaissance studies in the Dixon TVaminute quadrangle of the western Kentucky coal field reveal that the Lisman and Henshaw Formations of Late Pennsylvanian age are composed of similar lithologies and cannot be distinguished or mapped on the basis of lithologic differences. Therefore the rocks formerly assigned to these two units are here assigned to the Sturgis Formation, a new stratigraphic unit, and the names Lisman and Henshaw are abandoned. The Providence Limestone, Anvil Rock Sandstone, Madisonville Limestone, and Carthage Limestone, all former members of the Lisman Formation, are retained as members of the Sturgis Formation. A summary of the nomenclature is given in figure 1 . Bl i Glenn (1912a,b) saiK.%
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FIGURE 1. Correlation chart showing the
This report is based in large measure on the areal geological mapping of Kentucky being conducted by the U.S. Geological Survey in cooperation with the Kentucky Geological Survey. The writer is grateful to the Peabody Coal Co. for releasing heretofore unpublished data on cores from the lower part of test holes drilled at the type locality of the Sturgis Formation.
PREVIOUS NOMENCLATURE LISMAN FORMATION
The name Lisman Formation was assigned by Glenn (1912a, p. 26 ) to a stratigraphic sequence of Upper Pennsylvania rocks consisting chiefly of soft, partly calcareous shale and some sandstone and thin limestone beds between the base of Owen's (1857) Anvil Rock Sandstone below and the base of a sandstone, the Dixon Sandstone of Glenn (1912a) , at the top ( fig. 1) . Harvey (1956, p. 64 ) redefined the lower boundary as the top of the No. 11 coal bed of the Carbondale Formation, and this is now accepted as the base of the Sturgis Formation.
In the Kentucky part of the Shawneetown 15-minute quadrangle, rocks stratigraphically equivalent to the Lisman were identified by Lee (1916) as the McLeansboro Formation on the basis of correlation with the Pennsylvanian coal-bearing sequence in Illinois. The term McLeansboro Formation did not find wide acceptance in Kentucky and was eventually abandoned (Harvey, 1956, p. 64) in favor of the Lisman Formation.
A number of subunits of the Lisman Formation were recognized by earlier workers. Of these the Providence Limestone, Anvil Rock B3 nomenclature of this report and of earlier reports.
Sandstone, Madisonville Limestone, and Carthage Limestone are retained as members of the Sturgis Formation.
HENSHAW FORMATION
The Henshaw Formation was named by Lee (1916, p. 43 ) for rocks exposed in the vicinity of Henshaw, Union County, Ky., and included all strata of Pennsylvanian age above the base of a massive sandstone which occurs a few feet above the Geiger Lake coal bed. Lee (1916, p. 43) described the unit as consisting of interbedded sandstone, shale, and coal. Earlier, in nearby Webster County, Glenn (1912a) had designated a sequence, almost the homotaxial equivalent of the Henshaw, as the Dixon Formation and named the basal sandstone the Dixon Sandstone. But because the "Dixon" was preoccupied, the entire unit was renamed the Henshaw Formation by Lee. As reported by Glenn (1912b, p. 57) and as used by Glenn (1922) and Smith and Smith (1967) , the Dixon Sandstone occurs only a few feet above the Geiger Lake coal bed in the Henshaw area.
Seemingly the massive sandstone above the Geiger Lake would be equivalent to Glenn's Dixon Sandstone, but this is not so. Geologic mapping and subsurface studies in the area between Dixon, Ky., the type locality of the Dixon Sandstone, and Henshaw, Ky. (fig. 2) show that the Geiger Lake coal bed of Lee is 60 to 70 feet above the Dixon Sandstone of Glenn. Smith and Smith (1967, p. 11) , who were unaware of the miscorrelation, proposed the term "Dixon Sandstone Member of the Henshaw Formation" to include the Dixon Sandstone of Glenn and the massive sandstone above the Geiger Lake coal bed as described by Lee. From Dixon the sandstone appears to extend westward at least as far as the east boundary of the Bordley quadrangle (fig. 2) ; it has not been identified in the Henshaw area. Its extent in other directions is not known. Because of the foregoing and because the term "Dixon" is preoccupied, the Dixon Sandstone Member of Smith and Smith is not proposed as a member of the Sturgis Formation.
STURGIS FORMATION
Subsurface and outcrop data show that rocks previously assigned to the Lisman and Henshaw Formations consist of the same lithic types in equal proportion and similar stratigraphic distribution; hence, no criteria for differentiating the two units for mapping purposes could be found. Therefore, the two formations have been combined to form a new unit, the Sturgis Formation.
The Sturgis Formation is largely concealed by loess, alluvium, and colluvium, and no outcrop adequate for a type locality was found. Hence, the type area and composite section ( fig. 3) Representative core samples from holes P-47 and P-49 are on file at the core library of the Illinois State Geological Survey, Urbana, 111. Of the total section represented by the cores, Smith and Smith (1967, p. 14-25 and pi. 1) described 1,588 feet which they assigned to the Henshaw and Lisman Formations but here is reassigned to the Sturgis Formation. They correlated these rocks with the electric log of the C. E. O'Neal Co. H. M. Shouse 1 dry hole. Sixty feet of section below that described by Smith and Smith and also belonging to the Sturgis has been subsequently described by W. H. Smith (written commun., 1972) of the Illinois State Geological Survey. About 2,075 feet of the Sturgis Formation in a fault block in the Bordley 71/2-minute quadrangle includes about 460 feet of stratigraphically higher strata than were described from cores P-47 and P-49. Four hundred and thirty-five feet of these younger strata was penetrated by the Cities Service Oil Co. stratigraphic test hole Camp Breckinridge 1801, about 3 miles east-northeast of hole P-49 and about 8 miles northeast of Sturgis, Ky. These strata and an additional 25 feet of younger strata poorly exposed in a nearby outcrop are proposed as a reference section. Descriptions of samples from the test hole and electric-log data are on file at the Kentucky Geological Survey in Henderson, Ky.
A modified description of the measured core sections P-47 and P-49 and a generalized description of the 460 feet of stratigraphically higher strata penetrated by Cities Service Oil Co. test hole 1801 is presented on page Bll of this report. The stratigraphic relations of these sections are shown in figure 4.
As determined from surface and subsurface investigations, the Sturgis Formation is composed of interbedded sandstone, siltstone, shale, limestone, and coal. Sandstone, the dominant rock type, makes up 30 to 50 percent of the formation. The sandstone is commonly light to dark gray, weathering to yellowish brown, and is fine to medium grained; locally, near the bottom of some channel-fill deposits, it is coarse grained and conglomeratic. Beds of sandstone are thin to very thick and massive; crossbedding, cut-and-fill structure, and channel deposits are common; some channel deposits are as much as 60 feet thick at places. Most of Smith and Smith (1967, p. 14-25) the sandstone is friable to moderately indurated, but locally it is well indurated and forms conspicuous cliffs as much as 20 feet high. In the west-central part of the western Kentucky coal field most hills are commonly capped by sandstone of the Sturgis Formation.
Siltstone makes up about 30 to 40 percent of the Sturgis. When fresh, the rock is light to dark gray; it weathers to yellowish brown or grayish brown. Most siltstone is in even to wavy beds 1/2 to 4 inches thick, but locally the beds appear contorted. The siltstone is limy and fossiliferous where it grades into or is interbedded with limestone. The siltstone is generally interbedded with or grades laterally into sandstone and shale.
Shale makes up about 20 to 30 percent of the Sturgis. Most of the shale is medium gray to black and weathers to yellowish brown or yellowish gray. It is poorly to well laminated and generally is very micaceous on bedding surfaces. The shale is carbonaceous and contains plant fossil fragments where associated with coal beds or coaly zones. Marine fossils, chiefly brachiopods and crinoids, are common only where the shale is interbedded with limestone. White to medium-gray clayey shale is generally present below coal beds and coaly zones and locally is interbedded with limestone.
Limestone makes up less than 5 percent of the formation. The limestone is generally light to dark gray and weathers light gray to yellowish brown. It ranges from very fine to coarse grained but is mostly very fine to fine grained and generally is reported as "dense" on drill-hole logs. The limestone is mostly in even to wavy beds 1/2 to 12 inches thick, but beds as much as 10 feet thick are locally present in the Carthage Limestone Member. Fossils, chiefly brachiopods and crinoid fragments, are common in many limestone beds.
Coal is generally a minor constituent of the Sturgis Formation. Most coal is thin, ranging from very thin laminations to beds 18 inches thick. However, the Nos. 12, 13, and 14 coal beds are locally very thick, and the No. 14 coal bed is reported to be more than 12 feet thick in some drill-hole logs.
The thickness of the Sturgis Formation represented by the sections at the type locality is 1,678 feet and at the reference section is 2,075 feet. In the Sturgis quadrangle, approximately 1 mile west of the reference section and in the same fault block, the formation is at least 2,650 feet thick (Kehn, unpub. data) . The total thickness of the formation is not known because the upper part has everywhere been removed by erosion.
PROVIDENCE LIMESTONE MEMBER
The Providence Limestone Member was named by Glenn (1922, p. 98 ) from exposures at Providence, Ky. He described it as occurring between the No. 11 and No. 12 coal beds and as consisting of an argillaceous, impure, and irregularly bedded limestone that locally contains a shale parting a few inches to a few feet thick. Recent studies of numerous drill-hole records in the western Kentucky coal field have shown that Glenn's No. 12 coal bed at Providence is actually the No. 13 coal bed; therefore the Provi-dence includes all limestone beds between the No. 11 and No. 13 coal beds.
In core hole P-47 the Providence Limestone Member comprises about 33 feet of strata, extending from the base of the limestone bed above the No. 11 coal bed to the top of the limestone bed a few feet below the No. 13 coal bed. In the Providence area, Kentucky, and elsewhere in the western Kentucky coal field, the member includes as many as four limestone beds separated by light-to dark-gray clayey shale and, locally, thin lenses of sandstone. At places, the No. 12 coal bed, which is generally thin and locally discontinuous, occurs just above the lowest limestone bed. The Providence Limestone Member is poorly exposed except in highwalls of strip mines on the No. 11 coal bed.
ANVIL ROCK SANDSTONE MEMBER
The Anvil Rock Sandstone was named by Owen (1856, p. 45) for a massive-bedded sandstone exposed in a bluff known as Anvil Rock west of Dekoven, Ky. The unit was later formally given the rank of member and assigned to the Lisrnan Formation by Harvey (1956, p. 65) . It consists of reddish-brown to yellowish-brown crossbedded fine-to coarse-grained sandstone that contains a few white quartz pebbles as much as 14 inch in diameter. At Anvil Rock the sandstone rests unconformably on the No. 11 coal bed, and the lower 2 to 3 feet consists of a residuum of shale chips and coarse sand in an "earthy" limonitic matrix. The Anvil Rock Sandstone Member has a maximum thickness of about 110 feet in the Dekoven quadrangle where it was deposited in a channel that had a steep west bank and a gentle east bank. Channel-fill sandstone deposits of the Anvil Rock Sandstone Member have been reported by Harvey (1956) , Hopkins (1958) , and Potter and Simon (1961) . Hopkins (1958) recognized a thin widespread "sheet phase" of the Anvil Rock in southern Illinois and parts of southern Indiana and western Kentucky. In the Dekoven quadrangle Kehn (1973) restricts the name Anvil Rock Sandstone Member to the channel-fill deposit entirely within the bounds of the quadrangle; other relatively thin, lenticular sandstones in about the same stratigraphic interval may or may not be timestratigraphic or homotaxial equivalents.
MADISONVILLE LIMESTONE MEMBER
The Madisonville Limestone Member was named by Norwood (1878, p. 319-320) for exposures in Madisonville, Hopkins County, Ky. He reported about 4 feet of massive light-brown to light-gray fossiliferous limestone about 80 feet above the No. 11 coal bed. The name was adopted by the U.S. Geological Survey (Harvey, 1956) as the Madisonville Limestone Member of the Lisman Formation.
In the type area the member includes limestone, claystone, shale, sandstone, and coal (Kehn, 1963 and 1964) . The limestone is light to medium gray, very finely to coarsely crystalline, and locally fossiliferous (mostly brachiopods and crinoid plates). Weathered surfaces are light brown to light gray. Claystone is light to medium gray and locally contains small nodules of hematite. Shale is light gray to black and is locally coaly. Sandstone is fine to medium grained, micaceous, and thin to thick bedded. In the vicinity of Madisonville the member is about 200 feet above the base of the Sturgis Formation, rather than 80 feet as reported by Norwood, is as much as 50 feet thick, and contains as many as four limestone beds that range in thickness from 0 to 5 feet (Kehn, 1963 and 1964) . In core hole P-47 only one bed of limestone is present. The Madisonville Limestone Member is generally poorly exposed owing to a cover by surficial deposits. Best exposures are in highwalls of strip mines on the No. 14 coal bed.
CARTHAGE LIMESTONE MEMBER
The Carthage Limestone was named by Owen (1856, p. 60-61) for exposures on the bank of the Ohio River at the site of Carthage settlement, about 1 mile below Uniontown, Union County, Ky. The unit was proposed as the Carthage Limestone Member of the Lisman Formation by Smith and Smith (1967) .
The member generally ranges from 2 to 5 feet in thickness, but in some drill-hole logs it is reported to be as much as 10 feet thick. It commonly consists of one bed, but on a few logs it is reported as two limestone beds. The limestone is regionally persistent but locally is absent owing to nondeposition or erosion. Owing to weathering and thinness, the bed is seldom seen on outcrop. In core hole P-47 the member is about 465 feet above the base of the Sturgis Formation.
CONTACTS
The Sturgis Formation overlies the Carbondale Formation (Middle Pennsylvanian) with which it intergrades. The Carbondale, as is the Sturgis, is composed of interbedded sandstone, siltstone, shale, limestone, and coal, but in general limestone beds of the Carbondale are fewer and thinner and have smaller areal extent, and coal beds are more numerous and thicker and have greater areal extent. 
SECTIONS OF THE STURGIS FORMATION UPPER SECTION
This section includes 460 feet of strata younger than that described from core holes P-47 and P-49. (Smith and Smith, 1967, p. 14; fig. 4 , this report)) _______ 460-465
MIDDLE SECTION
A modified log description of about 1,638 feet of the Sturgis Formation penetrated by holes P-47 and P-49 of the Peabody Coal Co. has been made from the detailed log descriptions by Smith and Smith (1967, p. 14-25) . The description from 0 to 387 feet is from the core description of hole P-49, and that from 387 to 1,618 feet is from the core description of hole P-47.
Pennsylvanian System Sturgis Formation (in part) :
No data, started to core at depth of 30 ft _________-__ Shale, medium-gray, slightly silty, calcareous, ostracodes, carbonized plant fragments ________________ Limestone, medium-gray at top and light-olive-gray at base, dense; about 1 ft silty fossiliferous medium-gray shale 3 in. below top; unit is stratigraphically equivalent to that contains poorly preserved plant rootlets at top 281-283 Claystone, greenish-gray; top 1 ft limy almost a very argillaceous limestone; contains small granules and scattered nodules of light-to medium-gray limestone __ 283-287 Siltstone, medium-gray, argillaceous; contains nodules, masses, and veinlets of brownish-gray limestone and siderite __________________________________ 287-290 Sandstone, light-gray, fine-grained, and 35 percent thinly laminated shale ________________________ 290-295 Shale, medium-to dark-gray; few siderite nodules; thin beds of fine-grained sandstone ________-_ 295-329 Limestone, medium-gray, shaly, very fossiliferous with brachiopods, crinoids, corals __________ --329-331 Shale, black, fissile, hard; 4-in.-thick coal bed at base ___ 331-333 Shale, medium-to dark-gray; abundant carbonized plant stem impressions; silty toward base 333-335 Sandstone, light-gray, fine-grained, and interbedded with about 10 percent siltstone; contains coal shale in lowest 1 ft ___________________________________ 335-345 Siltstone, medium-gray; interlaminations of sandstone _ 345 350 Shale, medium-dark-gray, laminated; scattered siderite nodules and lenses __________________________ 350-370 Shale, medium-dark-gray, very fissile; abundant siderite bands and nodules _______________________ 370-386 Shale, medium-dark-gray; very fossiliferous, contains numerous pectinaceans. Coal bed, 2% in. thick, at base is stratigraphic equivalent of 2%-in.-thick coal at depth of 67 ft 9^ in. of core P-47, described by Smith and Smith (1967, p. 17 
